It has been reported that relaxation techniques can improve physical health and cognitive function. A number of studies involving different types of relaxation practices showed changes in expression of genes. We investigated the gene expression pattern of a cohort of elderly subjects of Asian descent after weekly (for the first three months) and monthly (for the subsequent six months) intervention. Sixty consenting elderly subjects (aged 60-90 years) with mild cognitive impairment were assigned to either the Mindfulness Awareness Practice (MAP) or Health Education Program (HEP) group in a randomized controlled trial to assess the effectiveness of the programs in
Mindfulness Awareness Practice
Health education program preventing further cognitive decline and evaluate the influence on neurological, cellular and biochemical factors. Blood samples were collected before the start of intervention and after nine months for gene expression profiling using Affymetrix Human Genome U133 Plus 2.0 arrays. The dataset is publicly available for further analyses. & 2018 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Pre-intervention samples collected before the start of each program, post-intervention samples collected after 9 months of the program Experimental features
Specifications
Subjects were randomized to one of two groups. One group was taught Mindfulness Awareness Practice techniques (MAP). The second group underwent the Health Education Program (HEP) under which they received talks on healthy living topics.
Data source location
National University of Singapore and Research Laboratory, KK Women's and Children's Hospital, Singapore Data accessibility http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc ¼GSE108215
Value of the data
Practices like yoga, Tai Chi, breathing exercises, and meditation are thought to evoke the relaxation response that counteracts stress response [1] .
A small study of experienced practitioners showed that mindfulness meditation could influence expression of genes related to histone modifications and pro-inflammatory genes [2] . There is also report that after listening to relaxation response-eliciting or health education recordings, healthy adults showed enhanced expression of genes associated with metabolism and telomere maintenance, while the expression of genes linked to inflammatory response and stress-related pathways was reduced [3] .
We investigated whether Asian elderly subjects with mild cognitive impairment would show gene expression changes after undergoing nine months of mindfulness practice program or health education program.
The identification of genes and pathways can be used for the development of markers to assess the effectiveness of the mindfulness practice or other relaxation exercises.
1. Data
Isolation of RNA from blood and globin depletion
The average amount of RNA extracted was 14.88 µg while one sample collected before initiation of HEP intervention had insufficient RNA for further analysis. After going through GLOBINclear, the yield was between 0.46 and 1.79 µg, with RNA integrity numbers of between 6.6 and 8.9, and 260/280 absorbance ratios of between 1.8 and 2.0 µg.
Microarray gene expression analysis
Relative Log Expression (RLE) of all the samples was at equal level, signal intensity across the samples were also comparable ( Fig. 1 ). For the pre-MAP and post-MAP analysis using Microarray Suite 5 (MAS5) normalization with log2 transformed, the eight probesets with p-value o 0.0005 (before FDR correction) from unmatched samples analysis are listed in Table 1 , and the gene expression heatmap in Fig. 2 . The corresponding result for the matched samples analysis between pre-MAP and post-MAP is shown in Table 2 . For the group with HEP intervention, the list of probesets which had p-value o 0.0005 (before FDR correction) from unmatched samples analysis is presented in Table 1 , with the heatmap of the gene expression profiles shown in Fig. 3 . The corresponding matched samples analysis result between pre-HEP and post-HEP samples is presented in Table 2 .
The list of probesets with p-value o 0.0005 (before FDR correction) between pre-and postintervention samples within each intervention group from the analysis using Robust Multi-array Average (RMA) normalization are presented in Table 3 for unmatched samples analysis whereas Table 4 shows the corresponding matched samples analysis.
Additional comparison was made between post-MAP and post-HEP samples, the 86 significant probesets with p-value o 0.05 (after FDR correction) or fold change cut-off (fc 4 1.5 or fc o 0.66) are listed in Table 5 . The heatmap for the corresponding gene expression profiles is shown in Fig. 4 .
Pathway analysis
Analysis using The Database for Annotation, Visualization and Integrated Discovery (DAVID) version 6.8 showed that RAB3GAP2, GRIK2, SCFD1 which are altered following HEP intervention are associated with disorders related to HDL cholesterol according to the data from the Genetic Association Database Heatmap and dendrogram of the differential gene expression profiles for the eight gene markers generated from unmatched pre-MAP and post-MAP intervention samples using MAS5.0 normalization before FDR correction. The pre-intervention group is colored in blue and post-intervention group is in red. The relative expression level of each gene among all the tested samples have been assigned sequentially from dark red color to dark blue color in accordance with low to high expression level. . Heatmap and dendrogram of the differential gene expression profiles for 86 gene markers with at least 1.5 fold up-or down-regulation, generated from post-intervention HEP and MAP samples using RMA normalization. The HEP group is colored in blue and MAP group is in red. The relative expression level of each gene among all the tested samples have been assigned sequentially from dark red color to dark blue color in accordance with low to high expression level.
(GAD), (Table 6 ). GRIK2 is also found to be involved in other GAD diseases including echocardiography, triglycerides, tobacco use disorder, autism, schizophrenia, and other psychiatric disorders. None of the probesets is related to any disease in the Online Mendelian Inheritance in Man (OMIM) database. Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis indicates that GRIK2 and SLC2A5 which were upregulated for the HEP group are involved in neuroactive ligand-receptor binding ( Table 7) .
Experimental design, materials and methods

Study design
The study protocol was approved by the National University of Singapore Institutional Review Board. Sixty elderly who met the criteria below were enrolled:
Between 60 and 85 years old. Living in the community. Fulfilled the operational criteria/definition of mild cognitive impairment including at least one ageeducation adjusted neuropsychological test Z score o − 1.5, did not meet DSM-IV criteria for dementia, had memory or cognitive complaint which was corroborated by a reliable informant and had intact activities of daily living.
Could function independently.
Able to travel on their own to participate in the intervention programme. Did not have a neurological condition such as epilepsy or Parkinson's disease. Did not have a major psychiatric condition such as major depressive disorder. Did not suffer from a terminal illness at the time of enrollment. Had no marked upper and lower limb motor difficulties. Not participating in another interventional study at the same time.
Intervention
Participants in the MAP group were taught mindfulness awareness practice techniques modelled on McBee [4] . All participants gathered in a group once a week for 40 min for the first 12 weeks, followed by once a month for 45 min for the subsequent 6 months. They were required to practise these techniques at home daily and keep a record of their practice.
The HEP participants attended weekly talks on healthy living topics such as hypertension, diabetes, dementia, depression, medications, exercise, diet, sleep, home safety, falls and social support. The sessions were led by an instructor who had experience conducting similar teaching sessions for the elderly. Participants were provided with hand-outs at each session and were also required to keep a record of activities to complete in-between sessions. The sessions were weekly for 40 min for the first 12 weeks, and then once a month for 6 months.
Samples and RNA preparation
Blood samples (1-3 ml) were collected in Tempus Blood RNA Tube from 51 subjects before the start of intervention (pre-intervention samples) and 36 subjects after nine months (post-intervention samples). The blood tubes were stored in the freezer at − 80°C and processed in batches. Total RNA was extracted using Tempus Spin RNA Isolation Kit (Applied Biosystems, CA, USA). The purity and concentration of the total RNA were determined by UV-vis Spectrophotometer (Quawell, CA, USA) and Quantus Fluorometer (Promega, WI, USA). Globin mRNA depletion was performed with a minimum of 800 ng of total RNA using the GLOBINclear Kit (Ambion, TX, USA). The purity and concentration of the GLOBINclear RNA were determined by UV-vis Spectrophotometer and Quantus Fluorometer, respectively. The integrity of the GLOBINclear RNA was evaluated by RNA ScreenTape assay (Agilent Technologies, Waldbronn, Germany).
Microarray and quality control
Eighty-seven samples (51 pre-intervention, 36 post-intervention) were processed in batches of 4-12 samples. cRNA was synthesised from 100 ng of GLOBINclear RNA using GeneChip 3' IVT PLUS Reagent Kit according to the manufacturer's protocol. Fragmented and labeled cRNA (11 µg) was All available data were used to compare the difference in gene expression between pre-and postintervention for unmatched samples analysis of each intervention group. For matched samples analysis, only data from subjects with both pre-and post-intervention RNA samples were included. A total of 29,663 probesets with unique gene annotation were selected out of 54,676 raw probesets for analysis. Analysis of Covariance (ANCOVA) was performed for both unmatched samples analysis and matched samples analysis. Batch and gender effects were adjusted for the unmatched sample analysis while only batch effect was adjusted in the matched sample analysis. Array data was normalized using (i) Microarray Suite 5 (MAS5) and subsequently log2 transformed, and (ii) Robust Multi-array Average (RMA) methods [5] . R software was used for normalization and differential gene expression analysis, and control of the false discovery rate (FDR) for multiple testing [6] . Gene expression is considered to show up-regulation in the post-intervention group if the adjusted fold change is more than 1.5 and downregulation if the adjusted fold change is less than 0.66. P-values o 0.05 (after FDR) were considered as statistically significant for differential gene expression (Tables 1-5 ).
Hierarchical clustering was applied to both samples and signature gene set for (i) before FDR for pre-/post-HEP, (ii) pre-/post-MAP, (iii) after FDR and fold change cut-off (FC 4 1.5 or FC o 0.66) for post-HEP/post-MAP, shown in the format of dendrogram in combination with a heatmap of gene expression levels.
Pathway analysis
The differentially expressed genes from MAS5 normalization were used for enrichment analysis of pathways and diseases using version 6.8 of DAVID [7] . The list of probesets from Tables 1 and 2 was entered into the web application (david.ncifcrf.gov), with "AFFYMETRIX_3PRIME_IVT_ID" selected as the gene identifier and Homo sapiens selected as the species. Diseases were identified by the GAD and OMIM databases, and biochemical pathway by KEGG. Gene enrichment in annotation terms was measured by modified Fisher's exact test (EASE score). Functional annotation chart was visualized using minimum of 2 count and maximum EASE score (p-value) of 0.5. EASE score (p-value) of o 0.05 was considered as statistically significant (Tables 6 and 7) .
